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AMENDED CLAIMS - MARKED-UP COPY 

CLAIMS 

L A method of processing organic waste (D) in divided solid and/or liquid form, the 
5 method being implemented in a single reactor (1) containing a bath of molten glass 
(V) surmounted by a gas phase (G), the method comprising incinerating said waste 
(D) in the presence of oxygen at the surface (S) of said bath of molten glass (V), and 
in vitrifying said incinerated waste (D) in said bath of molten glass (V), the method 
being characterized m that in addition to the oxygen or the oxygen-containing gas 

10 delivered as oxidizer into said gas phase (G), oxygen or oxygen-containing gas is also 
injected into said bath of molten glass (V) in a quantity that is sufficient to minimize 
or to avoid any formation of metal within said bath of glass (V); advantageously m a 
quantity that is sufficient to minimize or to avoid any formation of metal within said 
bath of glass (V) and also to subject said bath of glass (V) to moderate stirring; the 

15 means (8) used for said injection being cooled and arranged in such a manner that on 
ceasing said injection, they do not constitute a plug of glass at their open end. 

2. The method according to claim 1, characterized in that said oxygen or oxygen- 
containing gas injected into said bath of glass (V) is introduced mto said reactor (1) 

20 beneath the surface (S) of said bath of glass (V). 

3. (amended) The method according to claim 1 [or claim 2], characterized in that it is 
implemented with cooling of the walls (3, 3') of said reactor (1) and/or of the means 
(5, 6), other than said means (8) for injecting oxygen or oxygen-containing gas into 

25 said bath of glass (V), introduced into said reactor (I) in said gas phase (G) and in 
said bath of glass (V), in particular for feeding said reactor (1) with said waste (D) 
and with oxidizer. 

4. The method according to claim 3, characterized in that it is implemented with dual 
30 cooling of the device (5) for feeding said waste (D) to said reactor (1): 

first cooling of its thickness and of its outside surface (50), designed to protect 
it from corrosion; and 

second cooling of its inside surface (50'), designed to minimize the heat 
transferred to the incoming waste (D). 

35 

5. (amended) The method according to claim 3 [or claim 4], characterized in that said 
walls (3, 3') of said reactor (1) in contact with said gas phase (G) and/or said means 



16 

(5, 6) introduced into said reactor (1) in contact with said gas phase (G) are cooled by 
circulation of at least one cooling fluid maintained at a temperature that is higher than 
the dew point of said gas phase (G). 

5 6. (amended) The method according to [any one of claims 1 to 5] claim 1. 
characterized in that said bath of glass (V) is heated by induction, by flame, by plasma 
torch, or by means of electrodes dipped therein. 

7. (amended) The method according to [any one of claims 1 to 6] claim 1 . 
10 characterized in that it is implemented in a cold crucible heated by induction. 

8. (amended) The method according to [any one of claims 1 to 7] claim 1. 
characterized in that it is implemented to process radioactive waste. 

15 9. An apparatus for processing organic waste (D) in divided solid and/or liquid form 
by incineration and by vitrification, the apparatus comprising a reactor (1) associated 
with heater means (2) suitable for maintaining a bath of molten glass (V) m the 
bottom of said reactor (1), and fitted with: 

- means (4) for emptying out said bath of molten glass (V); 

20 - a device (5) for feeding said waste (D) to be incinerated and vitrified, said 

device (5) opening out above the surface (S) of said bath of molten glass (V); 

- means (6) for feeding oxygen or oxygen-containing gas, delivering said 
oxygen or said gas above the surface (S) of said bath of molten glass (V); and 

- at least one combustion gas outlet (7) provided in the top portion of said 
25 reactor (1) well above the surface (S) of said bath of molten glass (V); 

the apparatus being characterized in that said reactor (1) is further equipped 
with means (8) for injecting oxygen or oxygen-containing gas into said bath of molten 
glass (V); said means (8) for injecting said oxygen or said gas into said bath of molten 
glass (V): 

30 being arranged in such a manner that on ceasing to be fed, they do not 

constitute a plug of glass at their open end; and 

including at least one circuit (83 + 83') for circulating a cooling fluid within 
their structure. 



35 



10. The apparatus according to claim 9, characterized in that said means (8) for 
mjecting said oxygen or said gas into said bath of glass (V) are introduced into the 
bottom portion of said reactor (1) beneath the surface (S) of said bath of glass (V). 



11. (amended) The apparatus according to claim 9 [or claim 10], characterized in that 
said means (8) for injecting said oxygen or said gas into said bath of glass (V) are 
disposed vertically, passing through the bottom of said reactor (1) and presenting an 

5 outlet (82) at 90° to their vertical axis. 

12. (amended) The apparatus according to [any one of claims 9 to 11] claim 9, 
characterized in that the means introduced into said reactor (1), other than said means 
(8) for injecting said oxygen or said gas into said bath of molten glass (V), including 

10 said device (5) for feeding said waste (D), said means (6) for feeding oxygen or 
oxygen-containing gas include at least one circuit (51, 52; 61) for circulating a 
cooling fluid within their structure. 

13. The apparatus according to claim 12, characterized in that said device (5) for 
15 feeding said waste (D) presents a structure that is tubular, being defined by an outside 

surface (50) and by an inside surface (50'), said structure including in the thickness 
thereof at least two circuits (51 and 52) for circulating cooling fluids, at least one of 
said circuits (51) being designed to cool said structure and said outside surface (50) of 
said feeder device (5), and at least another one of said circuits (52) being designed to 
20 cool said inside surface (50') of said feeder device (5). 

14. (amended) The apparatus according to [any one of claims 9 to 13] claim 9 , 
characterized in that the walls (3, 3') of said reactor (1) are of the double-walled type, 
to allow a cooling fluid to circulate. 

25 

15. (amended) The apparatus accordmg to [any one of claims 9 to 14] claim 9 , 
characterized in that said reactor (1) is a cold crucible, and in that said heater means 
(2) are means for induction heating. 
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AMENDED CLAIMS - CLEAN COPY 

CLAIMS 

1. A method of processing organic waste (D) in divided solid and/or liquid form, the 
5 method being implemented in a single reactor (1) containing a bath of molten glass 

(V) surmounted by a gas phase (G), the method comprising incinerating said waste 
(D) in the presence of oxygen at the surface (S) of said bath of molten glass (V), and 
in vitrifying said incinerated waste (D) in said bath of molten glass (V), the method 
being characterized in that in addition to the oxygen or the oxygen-containmg gas 

10 delivered as oxidizer into said gas phase (G), oxygen or oxygen-containing gas is also 
injected into said bath of molten glass (V) in a quantity that is sufficient to minimize 
or to avoid any formation of metal within said bath of glass (V); advantageously in a 
quantity that is sufficient to minimize or to avoid any formation of metal within said 
bath of glass (V) and also to subject said bath of glass (V) to moderate stirring; the 

15 means (8) used for said injection being cooled and arranged in such a manner that on 
ceasing said injection, they do not constitute a plug of glass at their open end. 

2. The method according to claim 1, characterized in that said oxygen or oxygen- 
containing gas injected into said bath of glass (V) is introduced into said reactor (1) 

20 beneath the surface (S) of said bath of glass (V) . 

3. (amended) The method according to claim 1, characterized m that it is implemented 
with cooling of the walls (3, 3') of said reactor (1) and/or of the means (5, 6), other 
than said means (8) for injecting oxygen or oxygen-containing gas into said bath of 

25 glass (V), introduced into said reactor (1) in said gas phase (G) and in said bath of 
glass (V), in particular for feeding said reactor (1) with said waste (D) and with 
oxidizer. 

4. The method according to claim 3, characterized in that it is implemented with dual 
30 cooling of the device (5) for feeding said waste (D) to said reactor (1): 

first cooling of its thicloiess and of its outside surface (50), designed to protect 
it from corrosion; and 

second cooling of its inside surface (50'), designed to minimize the heat 
transferred to the incoming waste (D). 



5. (amended) The method according to claim 3, characterized in that said walls (3, 3') 
of said reactor (1) in contact with said gas phase (G) and/or said means (5, 6) 
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introduced into said reactor (1) in contact with said gas phase (G) are cooled by 
circulation of at least one cooling fluid maintained at a temperature that is higher than 
the dew point of said gas phase (G). 

5 6. (amended) The method according to claim 1 , characterized in that said bath of glass 
(V) is heated by induction, by flame, by plasma torch, or by means of electrodes 
dipped therein. 

7. (amended) The method according to claim 1, characterized in that it is implemented 
10 in a cold crucible heated by induction. 

8. (amended) The method according to claim 1, characterized in that it is implemented 
to process radioactive waste. 

15 9. An apparatus for processing organic waste (D) in divided solid and/or liquid form 
by incineration and by vitrification, the apparatus comprising a reactor (1) associated 
with heater means (2) suitable for maintaining a bath of molten glass (V) in the 
bottom of said reactor (1), and fitted with: 

- means (4) for emptying out said bath of molten glass (V); 

20 - a device (5) for feeding said waste (D) to be incinerated and vitrified, said 

device (5) opening out above the surface (S) of said bath of molten glass (V); 

- means (6) for feeding oxygen or oxygen-containing gas, delivering said 
oxygen or said gas above the surface (S) of said bath of molten glass (V); and 

- at least one combustion gas outlet (7) provided in the top portion of said 
25 reactor (1) well above the surface (S) of said bath of molten glass (V); 

the apparatus being characterized in that said reactor (1) is further equipped 
with means (8) for injecting oxygen or oxygen-containing gas into said bath of mohen 
glass (V); said means (8) for injecting said oxygen or said gas into said bath of molten 
glass (V): 

30 being arranged in such a manner that on ceasing to be fed, they do not 

constitute a plug of glass at their open end; and 

including at least one circuit (83 + 83') for circulating a cooling fluid within 
their structure. 

35 10. The apparatus according to claim 9, characterized in that said means (8) for 
injecting said oxygen or said gas into said bath of glass (V) are introduced into the 
bottom portion of said reactor (1) beneath the surface (S) of said bath of glass (V). 
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11. (amended) The apparatus according to claim 9, characterized in that said means 
(8) for injecting said oxygen or said gas into said bath of glass (V) are disposed 
vertically, passing through the bottom of said reactor (1) and presenting an outlet (82) 

5 at 90° to their vertical axis. 

12. (amended) The apparatus according to claim 9, characterized in that the means 
introduced into said reactor (1), other than said means (8) for injecting said oxygen or 
said gas into said bath of molten glass (V), including said device (5) for feeding said 

10 waste (D), said means (6) for feeding oxygen or oxygen-containing gas include at 
least one circuit (51, 52; 61) for circulating a cooling fluid within their structure. 

13. The apparatus according to claim 12, characterized in that said device (5) for 
feeding said waste (D) presents a structure that is tubular, being defined by an outside 

15 surface (50) and by an inside surface (50'), said structure including in the thickness 
thereof at least two ch-cuits (51 and 52) for circulating cooling fluids, at least one of 
said circuits (51) being designed to cool said structure and said outside surface (50) of 
said feeder device (5), and at least another one of said circuits (52) being designed to 
cool said inside surface (50') of said feeder device (5). 

20 

14. (amended) The apparatus according to claim 9, characterized in that the walls (3, 
3') of said reactor (1) are of the double-walled type, to allow a cooling fluid to 
circulate. 

25 15. (amended) The apparatus according to claim 9, characterized in that said reactor 
(1) is a cold crucible, and in that said heater means (2) are means for induction 
heating. 
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MFTHOn AND APPARATUS FOR INCINERATING ANDJVTTRIFYING^^ 
■WASTEJHPARTI CULAR RADIOACT IVEWASTE,. 

The present invention relates to a method and to apparatus for incinerating 
and vitrifying waste, in particular radioactive waste. 

Said invention lies within the context of processing dangerous combustible 
waste for which it is appropriate to fix the ash in stable maimer. To neutralize 
waste of that type, it has long been the practice to operate in two stages, each of 
said stages being implemented in an independent apparatus: 

- a first step of incinerating said organic waste, in divided solid and/or 
liquid form, in an incinerator apparatus; and 

- a second stage of fixing the ash recovered from said first stage, said 
second stage being implemented in suitable apparatus that contains a bath of glass 
maintained in the molten state. 

Nevertheless, for several years, waste processing methods have been 
described in which said two stages of incinerating said waste and fixing the 
resulting ash have been implemented in a single apparatus. In this context, a term 
that is used is "direct vitrification". 

Results obtained in said context by the Applicants have been described in 
particular at the "Korean Atomic Industrial Forum" (KAIF) '98, which was held 
April 14 to 17, 1998 in Seoul, South Korea. Said results demonstrated the 
feasibility of a direct vitrification method, in which the waste is burned for the 
most part at the surface of a bath of molten glass, in an oxidizing atmosphere, with 
the ash that is generated being trapped and fixed in said bath of molten glass; 
since said method was implemented in a cold crucible, said bath of molten glass 
was heated by induction. 

Continuing their work on direct vitrification, the Applicants have designed 
and developed the present invention which can be considered as being an 
improvement of said direct vitrification as presently known. The improvement 
which constitutes the main subject matter of the present invention can be thought 
of both in terms of a method and in terms of apparatus, and it involves the quality 
of the bath of glass. Said improvement which, in order to clarify the present 
description, can be referred to as the "main" improvement, is advantageously 
implemented with other improvements that, in the same spirit, can be referred to 
as "secondary" improvements. Said main and secondary improvements are 
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described below in general terms and then in greater detail with reference to the 

accompanying figures. 

Thus, in a first aspect, the present invention provides a method of 

processing organic waste (i.e. combustible waste) in divided solid form (to 
5 facilitate insertion and combustion) and/or in liquid form, the method being 

implemented in a single reactor containing a bath of molten glass surmounted by a 

gas phase; said processing method comprising: incinerating said waste in the 

presence of oxygen at the surface of said bath of molten glass (said waste falling 

onto said surface, decomposing thereon, and the resulting gaseous products of said 
10 decomposition being burned in said oxygen-containing gas phase); and vitrifying 

said incinerated waste in said bath of molten glass. In this respect, the method of 

the invention is a direct vitrification method. 

In characteristic manner, said method further comprises injecting oxygen 

into said bath of molten glass, in sufficient quantity to minimize or to avoid any 
15 formation of metal within said bath of glass; advantageously, in sufficient quantity 

to minimize or to avoid any formation of metal within said bath of glass and to 

subject bath of glass to moderate stirring. 

Said oxygen which is introduced in original manner into the bath of 

molten glass is introduced into the process reactor in addition to the oxygen being 
20 delivered in conventional manner as oxidizer into the gas overlying said bath, in 

order to ensure that the waste is incinerated. 

In characteristic manner, in the context of the method of the invention, not 

only does said oxidizer in the gas phase react, but so also does the oxygen within 

the bath of glass, said oxygen serving to adjust the oxidation-reduction (redox) 
25 potential of said bath of glass (thus serving to limit the reducing nature of the 

glass). 

By controlling the redox potential of the bath of glass in this way, it is 
possible within said bath of glass to prevent oxides being reduced and thus to 
prevent metals being formed. The presence of such metals within said bath is very 
30 harmful to the uniformity of said bath, and thus to the quality of the vitrification 
obtained. In addition, the presence of metal can give rise to real difficulties when 
performing heating by induction .... 

The oxygen injected into the bath of glass to minimize or even to avoid the 
formation of metal is advantageously injected in sufficient quantity also to ensure 
35 that said bath of glass is stirred somewhat. The person skilled in the art knows 
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how to optimize the quantity of oxygen required for these purposes. In any event, 
the quantity must be sufficient to obtain the desired effect concerning the value of 
the redox potential, and indeed the desired effects concerning the value of said 
potential and also the looked-for stirring effect, but it must not be excessive, 

5 insofar as the bath of glass while being stirred and mixed must nevertheless 
remain a bath of glass and must not be transformed into a foam .... 

Oxygen has been mentioned as the oxidizer involved in the gas and as the 
oxidant gas introduced into the bath of glass, and this is appropriate insofar as said 
oxygen is generally delivered as a "pure" gas. Nevertheless, it is not entirely 

10 beyond the scope of the present invention to use a gas that contains oxygen, and in 
particular to use air, optionally enriched in oxygen, as the oxidizer and as the 
oxidant gas. 

The oxygen delivered as oxidizer into the gas phase is advantageously 
optimized for the incineration in question, so as to be present in a quantity that is 

15 greater than the theoretically required stoichiometric quantity. Advantageously, 
this oxygen is present in a quantity that lies in the range 1.25 to 1.5 times said 
stoichiometric quantity. Nevertheless, said quantity is controlled and does not 
interfere with the negative pressure that is maintained within the reactor in 
conventional maimer for obvious safety reasons. Said negative pressure is 

20 maintained by sucking out the combustion gases, where said suction is 
implemented under conditions such as to minimize the amount of waste, and 
above all the amount of ash, that is entrained. 

Once the principle of the main improvement provided by the invention to 
the direct vitrification method has been accepted (i.e. the principle of injecting 

25 oxygen into the bath of glass), the way in which it is implemented can be subject 
to several variants, in contexts that are somewhat different. 

In particular, the method of the invention can be implemented with a bath 
of glass that is practically pre-constituted (i.e. present in the reactor before the 
waste is introduced therein), or with a bath of glass that is constituted 

30 progressively from some minimum initial fill. In this second variant, which is 
preferred, the reactor starts by containing an initial bath of glass that is of small 
volume (a starter) and it is subsequently fed both with waste and with substances 
for forming a bath of glass. Said waste and said glass-forming substances are also 
advantageously introduced as a mixture ... with the waste being treated as one of 

35 the precursors of substances for making said bath of glass. The reactor is thus fed 
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continuously with waste and with substances for forming the bath of glass, and 
indeed with additives therefor. Once a certain level has been reached, both types 
of feed are stopped and the resulting bath of glass can be emptied out. 

In a preferred variant implementation of the method of the invention, the 

5 oxygen which is injected into the bath of glass is introduced into the reactor 
beneath the surface of said bath of glass. Thus, the means for injecting said 
oxygen do not pass through the gas phase in said reactor, and are therefore subject 
to one type of corrosion only: the corrosion inherent to said bath of glass. 

This type of comment applies to any device that is to penetrate into said 

10 bath of glass in order to deliver any substance (injecting oxygen has just been 
mentioned) or to measure any parameter therein (such as temperature, redox 
potential, ...). Thus, any device for penetrating into said bath of glass is 
advantageously introduced into the reactor from beneath the surface of said bath 
of glass so as to avoid coming into any contact with the gas phase. 

15 There follows a general description in method terms of the secondary 

improvements of the present invention. 

The method of the invention which comprises injecting oxygen into the 
bath of glass is advantageously implemented together with cooling of the walls of 
the reactor and/or, preferably, of the means introduced into said reactor, both in 

20 said gas phase and in the bath of glass, which means are introduced in particular 
for feeding said reactor with the waste to be incinerated and vitrified, for feeding 
the reactor with oxygen both in its gas phase (said oxygen being used as an 
oxidizer) and in said bath of glass (said oxygen then acting as an oxidant for 
adjusting the redox potential of said bath of glass and advantageously for stirring 

25 purposes). 

This list of means that are advantageously cooled is not limiting. For 
example, it could include means for measuring the temperature of the gas phase, 
means for measuring the temperature of the bath of glass, means for measuring the 
redox potential of said bath of glass, means for measuring the level of said bath of 
30 glass, .... 

Such cooling is intended above all to provide said walls and said means 
with protection from corrosion. It is also appropriate to preserve the sealing 
devices installed in the passages through said walls. 

In the structure of the device for feeding the reactor with waste, it is 
35 advantageous to implement dual cooling: 



- first cooling of the device on its gas phase side (outside face); and 

- second cooHng of the same device, generally independent of the first, on 
its waste intake side (inside face). 

Said first cooling is intended above all to protect said device from the 

5 corrosion that occurs due to coming into contact vi^ith the gas phase; said second 
cooling is intended above all to minimize the amount of heat transferred to the 
incoming waste, in order to minimize vaporizing liquid waste and to avoid solid 
waste sticking together, since that can lead to the feeder device becoming clogged. 
In order to cool the walls of the reactor and the various means that are 

10 introduced into said reactor, it is conventional to make use of cooling fluids, 
generally cooling liquids. Said walls and said means have circuits for circulating 
such fluids applied thereto. In a particularly preferred variant of implementation 
of said cooling, provision is made at least in the walls that come into contact with 
the gas phase and/or at least in the means introduced into the reactor and coming 

15 into contact with said gas phase for at least one cooling fluid to circulate, said 
fluid being maintained at a temperature that is above the dew point of said gas 
phase. In this advantageous variant, the idea is to prevent any condensation of 
said gas phase on said walls and on said outside surfaces of said means. The 
phenomenon of condensation is clearly harmful, given the problems of corrosion. 

20 It can also give rise to electric arcing, and can thus raise serious problems when 
the bath of glass is heated by induction. In this advantageous variant, it is possible 
to use a "hot" cooling fluid constituted by superheated water. 

The dual cooling referred to above as being advantageously implemented 
in the device for feeding waste to the reactor is implemented in a particularly 

25 preferred variant by using such a "hot" cooling fluid (at a temperature greater than 
the due point of the gas phase to which it passes), at least for cooling said device 
where it is adjacent to the gas phase (the first above-mentioned cooling). Said 
second cooling beside waste intake can make use of such a "hot" cooling fluid 
only when the waste concerned can withstand the temperature of such a "hot" 

30 fluid. As a general rule, said second cooling is implemented with a "cold" cooling 
fluid, such as water at ambient temperature. 

In the method of the invention, in order to heat and maintain the bath of 
molten glass at a suitable temperature, use can be made of various techniques. 
Thus, said bath of glass can be heated by induction, by means of a flame, by using 

35 a plasma torch, or by means of electrodes dipped into the bath. It is not 
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impossible to use a plurality of said techniques in combination. Induction heating 
is preferred; induction heating implemented in a cold crucible is most particularly 
preferred. 

The method of the invention as described above and below with reference 

5 to the accompanying figures is particularly suitable for processing radioactive 
waste by direct vitrification. 

Said method of the invention is generally implemented with waste being 
fed in continuously; said waste being introduced above the surface of the bath of 
glass, possibly mixed with substances suitable for constituting said bath of glass. 

10 After a fill has been incinerated and after the ash generated thereby has been 
digested in the bath of glass, said bath of filled glass is emptied out. Thus, the 
usual situation is continuous feed (or continuous building up of filler), with 
emptying out being performed discontinuously. 

Nevertheless, in implementing the invention, the following can apply. 

15 The reactor can be fed with waste and oxygen in a manner that is 

advantageously optimized so as to ensure maximum combustion of said waste 
while ensuring that the combustion gases entrain a minimum amount of said 
waste, whether burnt or unbumt. Such optimization relies on combined mastery 
of numerous parameters, some of which are mentioned above, and in particular 

20 mastery of the following: 

- the size of said waste; 

- the quantity of oxygen delivered; 

- the level at which waste is introduced relative to the surface of the bath of 
glass (advantageously, provision is made to regulate the waste introduction level 

25 by regulating the introduction depth of the device for feeding said waste into the 
reactor); and 

- the quality of the waste/oxygen mixture, when introducing said waste. 
Said waste is advantageously introduced while immersed in oxygen. For this 
purpose, at least one oxygen feed circuit is advantageously included in the 

30 structure of the device for feeding said waste. 

There follows a description in general terms of the second aspect of the 
present invention, namely apparatus for processing organic waste in the form of 
divided solids and/or liquids by incineration and by vitrification; which apparatus 
is suitable for implementing the above-described method. In conventional 

35 manner, said apparatus comprises a reactor, associated firstly with heater means 
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suitable for maintaining a bath of molten glass in the bottom of said reactor, and 
secondly fitted with the following means: 

- means for emptying said bath of molten glass; 

- a device for feeding it with waste to be incinerated and vitrified, said 
5 device opening out above the surface of said bath of molten glass and its depth of 

introduction into said reactor advantageously being adjustable; 

- oxygen feed means delivering said oxygen above the surface of said bath 
of molten glass (to implement incineration); and 

- at least one combustion gas outlet formed in the top portion of said 
10 reactor well above the surface of said bath of molten glass (in order to minimize 

entraining ash). 

Said apparatus, in characteristic manner, is also fitted with means for 
injecting oxygen into said bath of molten glass. 

Said means are advantageously introduced into the bottom portion of the 

15 reactor, beneath the surface of the bath of glass so that they do not come into 
contact with the gas phase, thereby being subjected to one type of corrosion only 
(that developed by the bath of glass). 

Said means are also advantageously arranged in such a manner that on 
ceasing to feed them with oxygen, they do not constitute a plug of glass at their 

20 open end. Thus, said means for injecting oxygen into said bath of glass are 
advantageously disposed vertically through the bottom (of the bottom plate) of the 
reactor, and provided with an opening disposed at 90° to the vertical axis. 

The essential elements of the apparatus of the invention, necessary for 
implementing the intended method of incineration and vitrification are those 

25 specified above. Other elements can accompany said elements, for example 
means for measuring the temperature of the gas phase, means for measuring the 
temperature of the bath of molten glass, means for measuring the level of said bath 
of molten glass, means for measuring the level of said bath of glass, means for 
measuring the redox potential of said bath of molten glass, ... . 

30 In general terms, it has been found advantageous to cool all of the means 

that are introduced into said reactor (into the gas phase and into the bath of glass). 
Thus, in an advantageous embodiment of the apparatus of the invention, all of said 
means introduced into the reactor, and in particular the device for feeding said 
reactor with waste, the means for feeding the gas phase with oxygen, and the 

35 means for injecting oxygen into said bath of glass, include within their structure at 



least one circuit for circulating a cooling fluid. Said device for feeding said 
reactor with waste includes, advantageously embedded in the thickness thereof, at 
least two generally independent circuits of said type, comprising at least one for 
cooling its thickness together with its outside surface (in order to minimize 
5 problems of corrosion), and at least one other for cooling its inside surface (in 
order to transfer a minimum amount of heat to the incoming waste). Said feeder 
device generally presents a tubular structure which is defined by an inside surface 
and an outside surface. 

With reference to said feeder device, it can also have the following 
10 additions. It advantageously includes in its structure means for conveying and 
delivering oxygen to its open end (above the bath of glass). Delivery of said 
oxygen can be provided in particular by means of a torus arranged around the 
open end of said device, said torus being pierced by suitable orifices, 
appropriately distributed. Contact between the waste and the oxygen (oxidizer) 
15 can thus be optimized. 

The inlets and outlets for the cooUng fluids advantageously circulated 
through the structure of the device for feeding the reactor with waste, and also 
through the oxygen inlet, likewise advantageously circulated through said 
structure, are connected to appropriate delivery and removal units. The 
20 distribution of said fluids and said oxygen in their respective circulation circuits 
within said feeder device is advantageously organized by means of a set of 
distribution chambers and channels, suitably arranged. 

Advantageously, the reactor is also cooled. Its walls are advantageously of 
the double-walled type, so as to allow a cooling fluid to circulate therein. 
25 The heater means associated with said reactor can be of various types, and 

in particular can be suitable for implementing induction heating, flame heating, 
plasma torch heating, or heating by means of immersed electrodes. In a 
particularly preferred variant embodiment, the reactor used is a cold crucible and 
said heater means are induction heater means. 
30 The invention is described below in its method and apparatus aspects with 

reference to the accompanying figures: 

Figure 1 is a diagrammatic view showing how apparatus of the invention 
operates. 

Figure 2 is a section view in more detail showing apparatus of the same 

35 type. 



Figure 3 is a detailed section view of means for injecting oxygen into the 
bath of glass. . 

Figure 4 is a detailed section view of the waste feeder device. 

In Figures 1 to 4, the same references are used to designate the same 
5 elements, whether shown in diagrammatic or detailed manner. 

The apparatus of the invention is suitable for processing waste D by 
incineration and vitrification, i.e. by direct vitrification, and it comprises a reactor 
1 associated with heater means 2. Said heater means 2 shown in Figures 1 and 2 
are suitable for performing induction heating. Within said reactor 1, there can be 
10 found a bath of molten glass V surmounted by the gas phase G (Figure 1). 

The method of the invention is summarized with reference to Figure 1. 

The waste D is fed into the reactor 1 via a waste feeder device 5. The 
waste is decomposed on the surface S of the bath of molten glass V. The gas that 
results from this decomposition bums on coming into contact with oxygen which 
15 is delivered mainly by means 6. Figure 1 shows a single means 6 for delivering 
oxygen into the gas phase. Advantageously there are at least two such means 
disposed symmetrically about said feeder device 5 for feeding said waste D. This 
is intended to optimize contact between waste D and oxygen in order to optimize 
combustion of said waste D. 
20 The ash that is generated falls into the bath of glass V. At the surface S of 

said bath V, there is generally to be found a mass of waste that is in the process of 
decomposing. 

In the upper portion of said reactor 1 , there is provided an outlet 7 for the 
combustion gases. Beneath the bottom of said reactor 1, there are means 4 for 
25 emptying out the bath of glass V. Said means 4 are capable, in alternation, of 
closing and of opening an emptying orifice provided in the bottom of said reactor 
1. 

In characteristic manner, said bottom of said reactor 1 has means 8 passing 
therethrough for injecting oxygen into the bath of glass V. Said injector means 8 
30 are disposed vertically and have an opening 82 at 90° relative to their vertical axis. 
Figure 1 shows an advantageous variant implementation of the method of the 
invention. 

Finally, Figure 1 shows that the walls 3 and 3' of said reactor 1 are of the 
double-walled type. Since the reactor 1 is designed as two portions, its wall in its 
35 bottom portion is referenced 3, while its wall in its top portion is referenced 3'. 
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Within each of these two walls 3 and 3', circulation of a cooling fluid is organized. 
For the wall 3, said fluid arrives via 10 and leaves via 11, while for the wall 3', it 
arrives via 12 and leaves via 13. 

Figure 2 shows each of the elements referenced in Figure 1 in greater 
5 detail (with the exception of the cooling fluid inlet 12 for circulating cooling fluid 
in the top wall 3' of the reactor 1). 

For a more detailed description of the means 8 for injecting oxygen into 
the bath of glass, reference should be made to the description below concerning 
Figure 3. 

10 For a more detailed description of the device 5 for feeding the reactor with 

waste D, reference should be made to the description below concerning Figure 4. 

Figure 2 shows two means 6 designed to feed the gas phase with oxygen 
(oxidizer). These means are constituted by blowpipes. Within the structure of 
each of said blowpipes 6, there is provided a circuit 1 6 for circulating a cooling 

15 fluid. The blowpipes which are cooled in this way withstand corrosion better. It 
is recalled at this point that they are advantageously cooled by circulating a "hot" 
cooling fluid (i.e. a fluid maintained at a temperature which is higher than the dew 
point of the gas phase through which said they pass), thereby preventing any 
condensation on the outside surfaces thereof. 

20 Figure 3 thus shows means 8 for injecting oxygen into the bath of glass. 

Said means 8 comprise a circuit 81 for feeding oxygen. The flow of oxygen in 
said circuit 8 1 is represented by white arrows. The oxygen is delivered at 82 via 
an opening that is disposed at 90° to the axis of said means 8. 

In their structure, said means 8 include a circuit 83 + 83' for circulating a 

25 cooling fluid. Its portion which penetrates into the bath of glass can thus be 
cooled. Said cooling fluid arrives via 83 and leaves, having picked up heat, via 
83'. Circulation of cooling fluid is represented by black arrows. 

Finally, Figure 4 shows a particularly advantageous embodiment of the 
device 5 for feeding the reactor 1 with waste D. Said device 5 has tubular 

30 structure defined by an outside surface 50 and an inside surface 50'. 
In the thickness of said device there are to be found: 

- at least one circuit 51 for circulating a cooling fluid for cooling said 
structure and mainly for cooling its outside face 50. The circulation of the cooling 
fluid is represented by black arrows; 
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- at least one circuit 52 for circulating a cooling fluid that is to cool said 
inside surface 50'. The circulation of said cooling fluid is represented by white 
arrows; and 

- at least one circuit 53 + 54 for conveying and delivering oxygen to the 
end 55 of said device 5. Said oxygen is thus delivered all around said end 55 via a 
torus 54. Said torus 54 has orifices of appropriate dimensions suitably distributed 
to deliver said oxygen in optimized manner. This further optimizes contact 
between waste D and oxygen. Said oxygen as delivered via the waste feeder 
device 5 is delivered in addition to the oxygen delivered by the means 6 (see 
Figures 1 and 2). 

Finally, it is recalled that the cooling fluid circulating in the circuit 5 1 is 
advantageously constituted by a "hot" cooling fluid. 
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CLAIMS 

1. A method of processing organic waste (D) in divided solid and/or liquid form, 
the method being implemented in a single reactor (1) containing a bath of molten 
glass (V) surmounted by a gas phase (G), the method comprising incinerating said 

5 waste (D) in the presence of oxygen at the surface (S) of said bath of molten glass 
(V), and in vitrifying said incinerated waste (D) in said bath of molten glass (V), 
the method being characterized in that in addition to the oxygen delivered as 
oxidizer into said gas phase (G), oxygen is also injected into said bath of molten 
glass (V) in a quantity that is sufficient to minimize or to avoid any formation of 

10 metal within said bath of glass (V); advantageously in a quantity that is sufficient 
to minimize or to avoid any formation of metal within said bath of glass (V) and 
also to subject said bath of glass (V) to moderate stirring. 

2. The method according to claim 1, characterized in that said oxygen injected into 
15 said bath of glass (V) is introduced into said reactor (1) beneath the surface (S) of 

said bath of glass (V). 

3. The method according to claim 1 or claim 2, characterized in that it is 
implemented with cooling of the walls (3, 3') of said reactor (1) and/or of the 

20 means (5, 6, 8) introduced into said reactor (1) in said gas phase (G) and in said 
bath of glass (V), in particular for feeding said reactor (1) with said waste (D) and 
with oxygen. 

4. The method according to claim 3, characterized in that it is implemented with 
25 dual cooling of the device (5) for feeding said waste (D) to said reactor (1): first 

cooling of said device (5) on its side passing through the gas phase (G), and 
second cooling of said device (5) on its side where said waste (D) arrives. 

5. The method according to claim 3 or claim 4, characterized in that said walls (3, 
30 3') of said reactor (1) in contact with said gas phase (G) and/or said means (5, 6) 

introduced into said reactor (1) in contact with said gas phase (G) are cooled by 
circulation of at least one cooling fluid maintained at a temperature that is higher 
than the dew point of said gas phase (G). 
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6. The method according to any one of claims 1 to 5, characterized in that said 
bath of glass (V) is heated by induction, by flame, by plasma torch, or by means 
of electrodes dipped therein. 

5 7. The method according to any one of claims 1 to 6, characterized in that it is 
implemented in a cold crucible heated by induction. 

8. The method according to any one of claims 1 to 7, characterized in that it is 
implemented to process radioactive waste. 

10 

9. An apparatus for processing organic waste (D) in divided solid and/or liquid 
form by incineration and by vitrification, the apparatus comprising a reactor (1) 
associated with heater means (2) suitable for maintaining a bath of molten glass 
(V) in the bottom of said reactor (1), and fitted with: 

15 - means (4) for emptying out said bath of molten glass (V); 

- a device (5) for feeding said waste (D) to be incinerated and vitrified, 
said device (5) opening out above the surface (S) of said bath of molten glass (V); 

- means (6) for feeding oxygen, delivering said oxygen above the surface 
(S) of said bath of molten glass (V); and 

20 - at least one combustion gas outlet (7) provided in the top portion of said 

reactor (1) well above the surface (S) of said bath of molten glass (V); 

the apparatus being characterized in that said reactor (1) is further 
equipped with means (8) for injecting oxygen into said bath of molten glass (V). 

25 10. The apparatus according to claim 9, characterized in that said means (8) for 
injecting oxygen into said bath of glass (V) are introduced into the bottom portion 
of said reactor (1) beneath the surface (S) of said bath of glass (V). 

11. The apparatus according to claim 9 or claim 10, characterized in that said 
30 means (8) for injecting oxygen into said bath of glass (V) are disposed vertically, 

passing through the bottom of said reactor (1) and presenting an outlet (82) at 90° 
to their vertical axis. 

12. The apparatus according to any one of claims 9 to 11, characterized in that the 
35 means introduced into said reactor (1), including said device (5) for feeding said 



waste (D), said means (6) for feeding oxygen, and said means (8) for injecting 
oxygen, include at least one circuit (51, 52; 61; 83 + 83') for circulating a cooling 
fluid within their structure. 



5 13. The apparatus according to claim 12, characterized in that said device (5) for 
feeding said waste (D) presents a structure that is tubular, being defined by an 
outside surface (50) and by an inside surface (50'), said structure including in the 
thickness thereof at least two circuits (5 1 and 52) for circulating cooling fluids, at 
least one of said circuits (51) being designed to cool said structure and said 

10 outside surface (50) of said feeder device (5), and at least another one of said 
circuits (52) being designed to cool said inside surface (50') of said feeder device 
(5). 

14. The apparatus according to any one of claims 9 to 13, characterized in that the 
15 walls (3, 3') of said reactor (1) are of the double-walled type, to allow a cooling 

fluid to circulate. 

15. The apparatus according to any one of claims 9 to 14, characterized in that 
said reactor (1) is a cold crucible, and in that said heater means (2) are means for 

20 induction heating. 



ABSTRACT 



METHOD AND APPARATUS FOR INCINERATING AND VITRIFYING 
WASTE, IN PARTICULAR RADIOACTIVE WASTE 

5 

The present invention provides a method of processing organic waste (D) 
in divided solid and/or liqxaid form, the method being implemented in a single 
reactor (1) containing a bath of molten glass (V) surmounted by a gas phase (G), 
the method comprising incinerating said waste (D) in the presence of oxygen at 

10 the surface (S) of said bath of molten glass (V), and in vitrifying said incinerated 
waste (D) in said bath of molten glass (V). In said method, and in characteristic 
manner, in addition to the oxygen delivered as oxidizer into said gas phase (G), 
oxygen is also injected into said bath of molten glass (V) in a quantity that is 
sufficient to minimize or to avoid any formation of metal within said bath of glass 

15 (V); advantageously in a quantity that is sufficient to minimize or to avoid any 
formation of metal within said bath of glass (V) and also to subject said bath of 
glass (V) to moderate stirring. The present invention also provides apparatus for 
processing organic waste (D) in divided solid and/or liquid form by incineration 
and vitrification, the apparatus being suitable for implementing said method. 



20 
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CLAIMS 

1 . A method of processing organic waste (D) in divided solid and/or liquid form, the 
method being implemented in a single reactor (1) containing a bath of molten glass 
(V) surmounted by a gas phase (G), the method comprising incinerating said waste 

5 (D) in the presence of oxygen at the surface (S) of said bath of molten glass (V), .and 
in vitrifying said incinerated waste (D) in said bath of molten glass (V), the method 
being characterized in that in addition to the oxygen or the oxygen-containing gas 
delivered as oxidizer into said gas phase (G), oxygen or oxygen-containing gas is also 
injected into said bath of molten glass (V) in a quantity that is sufficient to minimize 

10 or to avoid any formation of metal within said bath of glass (V); advantageously in a 
quantity that is sufficient to minimize or to avoid any formation of metal within said 
bath of glass (V) and also to subject said bath of glass (V) to moderate stirring; the 
means (8) used for said injection being cooled and arranged in such a manner that on 
ceasing said injection, they do not constitute a plug of glass at their open end. 

15 

2. The method according to claim 1, characterized in that said oxygen or oxygen- 
containing gas injected into said bath of glass (V) is introduced into said reactor (1) 
beneath the surface (S) of said bath of glass (V). 

20 3. The method according to claim 1 or claim 2, characterized in that it is implemented 
with cooling of the walls (3, 3') of said reactor (1) and/or of the means (5, 6), other 
than said means (8) for injecting oxygen or oxygen-containing gas into said bath of 
glass (V), introduced into said reactor (1) in said gas phase (G) and in said bath of 
glass (V), in particular for feeding said reactor (1) with said waste (D) and with 

25 oxidizer. 

4. The method according to claim 3, characterized in that it is implemented with dual 
cooling of the device (5) for feeding said waste (D) to said reactor (1): 

first cooling of its thickness and of its outside surface (50), designed to protect 
30 it from corrosion; and 

second cooling of its inside surface (50'), designed to minimize the heat 
transferred to the incoming waste (D). 

5. The method according to claim 3 or claim 4, characterized in that said walls (3, 3') 
35 of said reactor (1) in contact with said gas phase (G) and/or said means (5, 6) 

introduced into said reactor (1) in contact with said gas phase (G) are cooled by 
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circulation of at least one cooling fluid maintained at a temperature that is higher than 
the dew point of said gas phase (Gj. 

6. The method according to any one of claims 1 to 5, characterized in that said bath of 
5 glass (V) is heated by induction, by flame, by plasma torch, or by means of electrodes 

dipped therein. 

7. The method according to any one of claims 1 to 6, characterized in that it is 
implemented in a cold crucible heated by induction. 

10 

8. The method according to any one of claims 1 to 7, characterized in that it is 
implemented to process radioactive waste. 

9. An apparatus for processing organic waste (D) in divided solid and/or liquid form 
15 by incineration and by vitrification, the apparatus comprising a reactor (1) associated 

with heater means (2) suitable for maintaining a bath of molten glass (V) in the 
bottom of said reactor (1), and fitted with: 

- means (4) for emptying out said bath of molten glass (V); 

- a device (5) for feeding said waste (D) to be incinerated and vitrified, said 
20 device (5) opening out above the surface (S) of said bath of molten glass (V); 

- means (6) for feeding oxygen or oxygen- containing gas, delivering said 
oxygen or said gas above the surface (S) of said bath of molten glass (V); and 

- at least one combustion gas outlet (7) provided in the top portion of said 
reactor (1) well above the surface (S) of said bath of molten glass (V); 

25 the apparatus being characterized in that said reactor (1) is further equipped 

with means (8) for injecting oxygen or oxygen-containing gas into said bath of molten 
glass (V); said means (8) for injecting said oxygen or said gas into said bath of molten 
glass (V): 

being arranged in such a maimer that on ceasing to be fed, they do not 
30 constitute a plug of glass at their open end; and 

including at least one circuit (83 + 83') for circulating a cooling fluid within 
their structure. 

10. The apparatus according to claim 9, characterized in that said means (8) for 
35 injecting said oxygen or said gas into said bath of glass (V) are introduced into the 

bottom portion of said reactor (1) beneath the surface (S) of said bath of glass (V). 
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1 1 . The apparatus according to claim 9 or claim 1 0, characterized in that said means 
(8) for injecting said oxygen or said gas into said bath of glass (V) are disposed 
vertically, passing through the bottom of said reactor (1) and presenting an outlet (82) 
at 90° to their vertical axis. 

5 

12. The apparatus according to any one of claims 9 to 11, characterized in that the 
means introduced into said reactor (1), other than said means (8) for injecting said 
oxygen or said gas into said bath of molten glass (V), including said device (5) for 
feeding said waste (D), said means (6) for feeding oxygen or oxygen-containing gas 

10 include at least one circuit (51, 52; 61) for circulating a cooling fluid within their 
structure. 

13. The apparatus according to claim 12, characterized in that said device (5) for 
feeding said waste (D) presents a structure that is tubular, being defined by an outside 

15 surface (50) and by an inside surface (50'), said structure including in the thickness 
thereof at least two circuits (51 and 52) for circulating cooling fluids, at least one of 
said circuits (51) being designed to cool said structure and said outside surface (50) of 
said feeder device (5), and at least another one of said circuits (52) being designed to 
cool said inside surface (50') of said feeder device (5). 

20 

14. The apparatus according to any one of claims 9 to 13, characterized in that the 
walls (3, 3') of said reactor (1) are of the double- walled type, to allow a cooling fluid 
to circulate. 

25 15. The apparatus according to any one of claims 9 to 14, characterized in that said 
reactor (1) is a cold crucible, and in that said heater means (2) are means for induction 
heating. 
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filing date of the prior appiicaiion(s) and the national or PCT international filing date of this application: 



U S APPLICATIONS 


STATUS (Check one) 


U.S APPLICATION NUMBER 


U S FILING DATE 




PENDING 


ABANDONED 
































PCT APPLICATIONS DESIGNATING THE U.S 








PCT APPLICATION NO 


.=CT f]um DATE 


US SERIAL NUMBERS 
ASSIGNED lif anvl 
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■' POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent{s) to prosecute 
; this application and transact ali business in the Patent and Trademark Office connected therewith. (List name and reaistra- 
wnnumberl Gary M. Math, Reg. Mo. 26,965; Irvin A. Lavme, Reg. No, 15, 838; Karen Lee 

Orzephowski, Reg. No. 31,621; Harold L. Novick, Reg. No. 26,011; Suet M. Chong, Reg. No. 38, 104; Todd 
L- 4wisau, Reg. No. 40,669; Patricia M. Drost, Reg. No. 29,790; Donald L. Sandler, Reg. No. 19,237, 
Robl:Mt G. Lev, Reg. No. 30,280; and Lee Heiman, Reg. Mo. 41,827 
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Send Correspondence to: 
NATH & ASSOCIATES 
6"* FXoor 
1030 IS"' Street, N.W. 
Washington, D.C. 20005 ur.S.A, 



Direct Telephone Calls t< 



OF IWENTOR 



FiFtST GIVEN NAME 



SECOND GIVEN NAME 



RESIDENCE a 



33700 mIrIGNAC 



COUNTRY OF 



STATE & ZIP CODE/COLiNTRY 



ECOND GIVEN NAME 



COUNTRY OF CITIZENSHIP 



30131 PUJAUT 



•ATE3.ZIPCOOe/C0UNTR> 



ful^ame/i^^ 

RWNCEi CITY 



■IRST GIVEN NAME 



SbCOMD GIVEN NAME 



POST OFFICE ADDRESS 

43 Allee du Quebec 



STATE 8. ZIP CODe,'C0UNTRY 



91430 IGNY 



1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to -be true: and further that these statements were made with the knowledge 
that wiilful false statements and the like so made are punishable by fine or imprisonment, or both, under section 
1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon. 



May 14, 2001 



May 14, 2001 



May 14, 2001 



Atty Docket24648 



CITIZENSHIP 



STATE OR FOREIGf, 



SECOND GIVEN NAME 



COUNTRY OF CITIZEMSHIP 



Office ADOflESS 

131 Rue Lecourbe 



ITATE & ZIP COOE/COUNTf!Y 



75015 PARIS 



SECOND Given name 



COUNTRY OF CtriZENSHIP 



30150 ROQUEMAURE 



STATE & ZIP CODE /COUNTRY 



E OR f OREIGN COUNTRY 



OF CITlZENSHtP 



POST OFFICE ADDRESS 



ATE & ZIP CODE/COUNTRY 



SECOND GIVEN NAME 



STATE & ZIP COOE/COONTRY 



FIRST GIVEN NAME 



SECOND GIVEN NAME 



\!E OR FOREIGN 



COUNTRY OF CITIZENSHIP 



POST OFFICE ADDRESS 



STATE & ZIP 



SECOND GIVEN I 



ITIZSftlSHIP 



STATE OR FOREIGN COUNTRY 



COUNTRY OF CITIZENSHIP 



POST OFFICE AOOBESS 



ST A TE 8. ZIP COOe/COUNTflY 



I hereby declare that all statemcnis made herein of my own knowledge are true and that all statements made on 
information and belief arc believed to ■be true; and further that these statements were made with the knowledge 
thai willful false statements and the like so made are punishable by fine or imprisonment, or both, under section 
100! of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity of 
the applicaiian or any patent issuing thereon. 



SIGNATURE Of INVENTOR .1 £^04 ^^^^ 


SIGNATURE Of, INV6NTOR 205 


SIGNATURE OF INVENTOR 206 


DATE 1 

May 14, 2001 


DATE 

May 14, 2001 


DATE 




SIGNATURE Of tNVENIOft 207 


SIGN A TURE OF INVENTOR 208 


SIGNATURE Of INVENTOR £^09 


DATE 


DATE 
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Yusung-ku 
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IR FOREIGf. COUNTRV 



COUNTRY OF CITIZENSHIP 



STAie & ZIP CODE/COUNTRY 



fiRST GIVEN NAME 



V ft OR FOREIGN COUNTRY 



COUNTRY OF CITIZENSHIP 



STATE & ZIPCOOE/COUNTRY 



SECOND GIVEN NAME 



c 



STATE ORFOt 



COUNTRY OF CITIZENSHIP 



POST OFFICE 



305-390 TAEJON 



STATE & ZIP COOe/COUNTRY 



Myupg-Jag. 



STATE OR f OREiOr. COUNTRy 



COUNTRY OF CITIZENSHIP 



OF (NVfiflTOfl 



KJSrOFFlCE ADDRESS ^^^^.^ Apt. 102 

-702, Eoeun-dong, Yusurrg-kt 
Jxaiiming-dong 



305-333 TAEJON 



STATE & ZIP COOE/COUNTRY 



ID GIVEN NAME 



COUNTRY OF CITIZENSHIP 



POST OFf iCe ADDRESS 



STATE a. ZIP 



■AMH.Y NAME 



ReS«5€i«CE & 



STATE OR FOREIGN COUNTRY 



COUNTRY OF CITIZENSHIP 



STATE 8. ZIPCOOe/COUNTRY 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief arc believed to -be true; and further that these statements were made with the knowledge 
thai willful false siatemenis and the like so made are punishable by fine or imprisonment, or boih. under section 
1001 of Title 18 of the Untied States Code, and that such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon. 
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SIGNATURE OF INVENTOR 209 








DATE ^ 

May 14, 2001 


DATE 
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